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Survival  Following  Certain  Cardiovascular  Events: 

The  Framingham  Study 

More  than  half  of  the  deaths  occurring  each  year  in  the  United 
States  are  assigned  to  cardiovascular  causes.  While  an  extensive 
literature  exists  regarding  prognosis  and  survival  in  these  diseases, 
the  literature  is  surprisingly  primitive  when  compared  with  that  for 
cancer  survival.  For  some  of  the  cardiovascular  diseases  the  informa- 
tion available  regarding  survival  in  the  general  population  is,  for  all 
practical  purposes,  non-existent.  Biorck,  speaking  of  cardiac  dis- 
eases, states  "Recommendations  as  to  therapy  are  often  haphazardly 
given  and  results  of  treatment  presented,  without  much  consideration 
of  the  natural  course  of  the  disease  and  its  prognosis.  Opinions 
regarding  prophylactic  measures  are  likewise  often  expressed  without 
real  understanding  of  its  influence  on  the  natural  history  of  the 
disease . " 

In  this  report  we  present  basic  life  tables  for  the  following 
events:  coronary  heart  disease,  coronary  attacks,  angina  pectoris 

uncomplicated,  myocardial  infarction,  congestive  heart  failure,  cere- 
brovascular accident,  brain  infarction,  and  intermittent  claudication. 
This  report  takes  no  account  of  the  course  of  events  subsequent  to  the 
initial  episode  other  than  to  account  for  deaths.  The  population  from 
which  this  experience  was  derived  was  the  Framingham  population.  In  19^8 
the  U.S.  Public  Health  Service  undertook  to  study  the  factors  associated 
with  the  development  of  atherosclerotic  and  hypertensive  cardiovascular 
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disease  by  a long-term  surveillance  of  the  adult  population  of 
Framingham,  Massachusetts.  Some  2336  men  and  2873  "women  between  the 
ages  of  30  and  62  at  their  initial  examination  have  been  recalled  for 
examination  every  two  years.  The  cohort  has  been  very  cooperative  in 
returning  for  examinations.  Except  for  the  initial  reexamination,  the 
net  loss  on  successive  examinations  has  been  very  low.  If  a subject 
did  not  take  a certain  examination  considerable  effort  was  made  to 
keep  track  of  his  clinical  status  by  obtaining  hospital  records,  death 
certificates,  physicians'  reports,  and  information  from  relatives.  If 
an  event  was  discovered  it  was  assigned  to  the  appropriate  examination. 
However,  a clinic  examination  was  required  for  the  diagnosis  of  cer- 
tain events  such  as  angina  pectoris  uncomplicated  and  intermittent 
claudication. 

The  time  scale  used  in  reporting  survival  data  is  two-year 
intervals,  the  time  between  one  examination  and  the  next.  Sixteen 
years  of  followup  data  through  the  ninth  biennial  examination  are 
presented.  The  life  table  data  are  presented  for  each  event  by  age 
and  sex  at  diagnosis.  A subject  was  included  in  a life  table  cohort 
if  he  was  diagnosed  as  having  experienced  an  event  for  the  first 
time  at  any  of  the  examinations  2 through  8.  The  cases  diagnosed 
at  Exam  1 were  not  included  in  the  tables  since  subjects  with  a pre- 
existing condition  would  not  necessarily  have  the  same  survival 
experience  as  subjects  who  experienced  an  event  de  novo. 
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Clearly,  for  some  diseases  the  gross  time  scale  used  in  this  report 
can  he  very  misleading;  particularly  when  it  is  desired  to  compare  the 
Framingham  experience  with  that  from  other  populations.  In  myocardial 
infarction,  for  example,  the  heaviest  mortality  occurs  very  shortly 
after  the  event,  and  life  tables  based  on  shorter  time  intervals  are 
therefore  most  desirable.  On  the  other  hand  some  events  (such  as  the 
first  appearance  of  AFU  or  IC ) can  ordinarily  be  dated  no  more  pre- 
cisely than  to  say  that  they  were  not  reported  on  one  examination  but 
were  reported  on  the  next.  In  comparing  survival  experience  for  these 
events  with  that  for  events  (such  as  Ml)  which  can  ordinarily  be  more 
precisely  dated,  the  time  scale  represented  by  exam  intervals  is 
actually  preferable  to  a fine  time  scale.  Moreover,  since  most  events 
of  AFU  or  IC  are  recorded  only  if  the  subject  appears  for  examination 
after  the  event,  it  is  difficult  to  assign  a clear  meaning  to  survi- 
val prior  to  the  first  examination  after  such  events.  Even  for 
other  diseases,  such  as  MI,  a similar  dilemma  is  evident.  The  silent 
infarct  is  ordinarily  defined  by  ECG  findings  at  the  time  of  the 
clinic  examination.  If  the  experience  of  persons  with  silent  infarcts 
is  to  be  compared  with  or  pooled  with  that  of  clinically  manifest 
infarction  we  must  assess  mortality  for  both  from  the  time  of  the 
clinic  examination  where  the  event  was  first  manifest. 

Therefore,  life  tables  are  presented  in  two  forms.  Those  let- 
tered "A"  were  prepared  so  that  the  survival  experience  of  subjects 
who  experienced  a cardiovascular  event  could  be  compared.  The  "A" 
tables  do  not  include  subjects  who  had  an  event  and  died  in  the  same 
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exam  interval.  For  example,  suppose  a subject  had  an  MI  after  he  took 
Exam  6 and  died  before  he  took  Exam  7-  This  subject  may  also  have 
acquired  IC  after  Exam  6,  but  this  information  is.  not  likely  to  be 
known.  By  excluding  these  cases  from  the  "A"  tables  this  bias,  caused 
by  the  fact  that  for  diagnosis  of  some  events  (IC  and  AFU)  a subject 
had  to  be  alive  to  take  an  exam,  was  eliminated.  The  tables  lettered 
"B"  include  those  subjects  who  died  and  were  diagnosed  as  having 
experienced  an  event  in  the  same  exam  interval.  "B"  tables  were  not 
computed  for  the  events  IC  and  APU.  These  "B"  tables,  although  not 
appropriate  for  comparisons  with  IC  and  APU  are  better  indicators  of 
the  total  mortality  experience  of  subjects  with  the  specified  event. 

Thus,  the  "A"  tables  in  this  report  will  continue  to  serve  a 
number  of  important  functions  even  after  life  tables  for  Framingham 
are  available  based  on  finer  time  intervals.  Until  that  time,  the 
"B"  tables  which  include  mortality  experience  from  the  same  interval 
in  which  the  event  first  occurred  can  be  considered  as  first-order 
approximations  to  a complete  survival  experience. 

The  questions  to  be  pondered  are  the  following: 

(1)  If  a person  experiences  a given  cardiovascular  event 
before  one  examination  what  is  his  probability  of  surviving  to  a 
subsequent  examination? 

(2)  How  does  the  mortality  of  individuals  who  have  experienced 
an  event  compare  to  that  of  individuals  of  the  same  sex  and  age  who 
are  free  of  the  event  at  a given  time? 
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In  order  to  answer  the  second  question,  life  tables  were  con- 
structed by  sex  and  age  for  subjects  who  were  free  of  a specified 
event  at  each  examination  so  that  the  survival  of  those  subjects  who 
experienced  an  event  in  an  examination  interval  could  be  compared 
with  those  persons  of  the  same  sex  and  age  who  were  free  of  that  event 
at  the  designated  exam.  These  life  tables  of  expected  survival  rates 
constructed  from  the  Framingham  Study  population  were  used  rather  than 
general  United  States  life  tables  since  the  Framingham  population  pro- 
vides the  most  comparable  reference  group.  The  relative  survival  rate 
was  then  calculated  as  the  ratio  of  the  observed  survival  rate  in  the 
disease  cohort  to  their  expected  survival  rate.  A relative  survival 
rate  of  less  than  one  indicated  that  mortality  in  the  disease  cohort 
exceeded  that  of  persons  in  the  general  population  free  of  the  dis- 
ease, a relative  rate  equal  to  one  indicates  that  mortality  in  the 
disease  cohort  was  equal  to  that  in  the  general  population,  and  a 
rate  greater  than  one  indicates  that  mortality  in  the  disease  cohort 
was  less  than  in  the  general  population. 
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LIFE  TABLE  COLUMN  DEFINITIONS 

Definitions  of  the  columns  headings  used  in  the  life  tables 
follow. 

I — This  column  gives  the  number  of  exam  intervals  after  diag- 
nosis of  an  event , where  one  interval  represents  an  exam  interval  of 
approximately  two  years  of  experience.  For  example,  a person  who  was 
diagposed  as  having  AFU  at  Exam  5 and  died  before  Exam  6,  died  in  the 
first  exam  interval  after  diagnosis.  Interval  1.  Likewise,  a person 
who  was  diagnosed  at  Exam  2 and  died  between  Exams  J and  8 died  in 
Interval  6.  In  the  tables  lettered  "B"  note  that  there  is  an  Interval 
0.  This  gives  the  mortality  of  subjects  who  died  in  the  same  interval 
in  which  a diagnosis  was  made.  On  the  average,  this  interval  represents 
one  year  of  follow-up  experience. 

L --  This  column  designates  the  number  of  subjects  with  a given 
disease  alive  at  the  beginning  of  the  Interval  I.  Thus  the  entry  on 
the  first  line  of  this  columns  represents  those  alive  at  the  beginning 
of  the  first  interval;  i.e.,  those  alive  at  diagnosis,  and  is  the  total 
number  of  patients  in  the  cohort.  Note  that  in  the  "A"  tables  the 
total  number  alive  are  those  who  were  alive  at  the  exam  of  diagnosis; 
in  the  "B"  tables  the  total  number  alive  represents  all  the  subjects 
in  the  Framingham  Study  who  experienced  an  event. 

D --  In  this  column  the  number  of  subjects  who  died  during  an 
interval  is  entered. 

W --  In  this  column  the  number  of  subjects  who  were  withdrawn 
alive  at  the  end  of  an  interval  is  entered.  The  total  number 
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withdrawn  alive  is  the  number  of  patients  who  were  alive  at  the  end  of 
the  l6-year  follow-up;  i.e.,  who  were  alive  at  Exam  9*  The  interval 
during  which  the  subject  is  withdrawn  from  observations  depends  on  the 
exam  at  which  diagnosis  was  made.  For  example , if  a subject  was  diag- 
nosed at  Exam  8 and  was  alive  at  Exam  9>  then  he  was  withdrawn  alive 
at  the  end  of  the  first  interval  after  diagnosis,  Interval  1. 

Q --  The  proportion  of  subjects  who  died  or  an  estimate  of  the 
probability  of  dying  during  interval  I is  indicated  in  this  column. 

It  is  obtained  by  dividing  the  number  of  persons  who  died  during  the 
interval  by  the  number  of  persons  alive  at  the  beginning  of  the 
interval. 

For  any  interval  I then  Q(l)  = D(l) 

~W) 

(in  most  of  the  literature  the  denominator  is  L'(l)  where 
L'(l)  designates  the  effective  number  exposed  to  the  risk  of  dying. 
L'(l)  = L(l)  - ^-(U(l)  + W(l))  where  L(l)  is  the  number  of  subjects 
alive  at  the  beginning  of  the  interval;  U(l)  is  the  number  lost  to 
follow-up;  i.e.,  whose  survival  status  was  unknown  as  of  the 
end  of  interval  I;  and  W(l)  is  the  number  withdrawn  during  an  inter- 
val. This  formula  assumes  that  the  subjects  who  were  lost  or  with- 
drawn were  observed  on  the  average  for  one  half  the  interval  since 
losses  or  withdrawals  could  be  assumed  to  be  equally  distributed 
throughout  the  interval.  This  technique  was  not  applicable  in  this 
study.  First,  there  were  nc  subjects  "lost  to  follow-up"  since 
once  a subject  was  diagnosed  it  was  known  if  he  was  dead  or  alive 
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at  Exam  9*  Second,  all  the  subjects  -were  "exposed  to  the  risk  of 
dying"  for  an  entire  interval;  -withdrawals  were  not  equally  distribu- 
ted throughout  an  interval  since  diagnosis  and  withdrawal  occurred  at 
exam  dates.  For  example,  if  someone  were  diagnosed  at  Exam  6 and 
withdrawn  alive  at  Exam  8 he  would  have  been  observed  for  an  entire  two 
intervals  and  withdrawn  at  the  end  of  interval  2. ) 

P — This  column  designates  the  proportion  surviving,  or  an  esti- 
mate of  the  survival  rate  during,  interval  I.  It  is  obtained  by  sub- 
tracting the  proportion  dying  during  interval  I from  unity. 

P(I)  = 1 - Q(I) 

CP  — This  column  gives  the  cumulative  proportion  surviving  from 
diagnosis  to  the  end  of  interval  I.  This  estimate  of  the  cumulative 
survival  rate  is  obtained  by  multiplying  the  successive  proportion  sur- 
viving each  interval.  Thus,  the  probability  of  surviving  three  exam 
intervals  is 

CP3  = P(l)  x P( 2 ) x P(3) 

where  it  is  assumed  that  survival  rates  for  each  interval  (of  two  years) 
are  independent. 

SEP  --  This  column  gives  the  standard  error  of  the  estimate  P(l). 

It  is  calculated  according  to  Greenwood’s  approximation  (9). 

SEP(I)  = P(I)  I 1 - P(I) 

\j  l(i)  p(i) 

SECP  — This  column  is  the  standard  error  of  CP(l),  also  calcu- 
lated according  to  Greenwood’s  approximation. 

\ I 

SECP ( I ) = CP(I)  ! S 1 - p(j) 

Jj=1  L(J)  P(J) 
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Life  tables  of  those  subjects  free  of  an  event  at  each  exam  were 
constructed  so  that  survival  experience  of  subjects  -who  experienced  an 
event  at  any  given  exam  could  be  compared  to  the  survival  experience  of 
persons  who  were  free  of  that  event  at  the  exam.  For  example,  if  a man 
^7  years  old  developed  GHD  at  Exam  3 his  expected  probability  of  sur- 
viving is  estimated  using  a life  table  of  Framingham  men  45-49  years 
old  who  were  free  of  CHD  at  Exam  3*  For  each  subject  in  a disease 
cohort  the  appropriate  "expected"  probability  was  calculated  in  this 
way.  Thus,  for  each  event,  "expected"  life  tables  were  constructed  by 
sex  and  age  for  Framingham  subjects  free  of  the  event  at  each  exam. 
Using  these  reference  tables  relative  survival  rates  were  computed. 

The  next  columns  in  the  tables  concern  the  relative  survival  rates. 

R — R(I)  = P(I)/EP(I) 

where  R(l)  is  the  relative  survival  rate  in  interval  I.  P(l)  is  an 
estimate  of  the  probability  of  surviving  interval  I from  Column  P 
EP(l ) is  an  estimate  of  the  expected  probability  of  surviving  inter- 
val I in  the  Framingham  population  initially  free  of  the  specified 
disease . 

L (I)  „ 

Ep(1)  = 1 2 P(J ) 

l[T7  J=1 

where  P( J ) represents  the  expected  probability  of  surviving  interval  I 
for  each  individual  who  entered  the  interval  alive. 

L(I)  is  the  number  of  subjects  who  entered  the  interval  alive 


from  Column  L. 
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CR  — CR(I)  = CP(I)/ECP(I) 

■where  CR(l)  is  the  relative  cumulative  survival  rate.  CP(l)  is  an 
estimate  of  the  cumulative  survival  rate  from  Column  CP.  ECP(l)  is  an 
estimate  of  the  expected  cumulative  survival  rate. 

5(i)  - 

ECP(I)  = 1_  E CP(j) 

S(i)  J=1 

■where  CP(j ) represents  the  expected  probability  of  surviving  from 
diagnosis  through  interval  I for  each  individual  in  the  sum.  N(I)  is 
the  total  number  of  individuals  in  the  cohort  except  those  who  would  be 
withdrawn  alive  before  interval  I if  there  were  no  deaths  in  the  cohort. 
SR  — SR(I)  = R(I)[  1 - P(l) 

\|  EID  p(T7 

where  SR(l)  is  an  approximation  of  the  standard  error  of  R(l)  using 

Greenwood's  formula  and  assuming  that  the  expected  probabilities  are 

constants.  (The  standard  error  of  the  expected  probabilities  are 

actually  about  .001  to  .003).  Thus  this  is  an  -underestimate  of  the 

true  standard  error.  

I 

SCR  — SCR(I)  --  CR(l)  E 1 - P(J) 

V J-l  l(j)  p(j) 

where  SCR(l)  is  an  approximation  of  the  standard  error  of  CR(l). 

It  is  possible  to  obtain  an  estimate  of  the  average  annual 
mortality  rate  from  the  tables. 

f (I)  = CP(l-l)  - CP(I) 

2 

where  f (I)  is  an  estimate  of  the  average  annual  mortality  rate 
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in  interval  I.  CP(l-l)  is  the  cumulative  survival  rate  in  interval 
1-1  (CP(o)=l).  CP(I)  is  the  cumulative  survival  rate  in  interval  I. 

It  is  necessary  to  divide  by  2 since  each  interval  represents  two 
years.  Thus  to  compute  the  average  annual  mortality  rate  in  the  first 
or  second  year  after  diagnosis  (15): 

f (1)  = 1 - CP(l) 

2 

or  to  compute  the  average  annual  mortality  rate  in  the  fifth  or 
sixth  year  (the  third  exam  interval)  after  diagnosis: 

f (3)  = CP(2)  - CP( 3 ) • 

2 
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DISCUSSION 

Coronary  Heart  Disease  (CHD) 

Coronary  heart  disease  was  defined  as  the  development  of  definite 
myocardial  infarction,  coronary  insufficiency,  angina  pectoris,  sudden 
death  or  non-sudden  death  from  CHD  in  persons  free  from  previous  evi- 
dence of  the  disease.  Definitions  of  angina  pectoris  and  myocardial 
infarction  appear  in  the  next  two  parts  of  this  section.  Coronary 
insufficiency  -was  designated  when  a history  of  prolonged  ischemic  chest 
pain  was  accompanied  by  transient  ischemic  S-T  segment  and  T-wave  abnor- 
mality on  the  ECG--not  accompanied  by  development  of  Q-wave  abnormality 
on  the  ECG  or  by  serum  enzyme  changes  characteristic  of  muscle  necrosis. 
Sudden  unexpected  death  occurred  if  a subject  apparently  well  was 
observed  to  have  died  -within  one  hour  from  onset  of  symptoms  and  if  the 
cause  of  death  could  not  be  attributed  to  some  disease  other  than  coro- 
nary heart  disease.  Non-sudden  death  from  CHD  occurred  if  the  terminal 
episode  lasted  longer  than  one  hour,  if  the  available  information  implied 
that  the  cause  of  death  was  probably  CHD,  and  if  no  other  cause  could  be 
ascribed. 

Figure  1A  (from  Table  1A)  is  a graph  of  the  cumulative  survival 
rates  CP(l)  for  the  25^  men  and  148  women  who  experienced  coronary 
heart  disease.  CHD  includes  a "mixture"  of  angina  pectoris  uncompli- 
cated, coronary  insufficiency,  myocardial  infarction,  and  coronary 
heart  disease,  each  of  which  has  a different  prognosis.  (See  myocardial 
infarction  and  angina  pectoris  uncomplicated  tables).  Note  that  a diag- 
nosis of  CHD  does  not  seem  to  be  as  serious  in  women  as  in  men. 
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Number  of  exam  intervals 
after  diagnosis 


Percent  Surviving  CHD  * 
Men  Women 


1 

2 

3 

4 

5 

6 

T 


93- T 95-3 

83.2  90.4 

78.5  86.4 

68.0  76.8 

61.7  71.2 

50.5  71.2 

44.2  66.1 


This  is  probably  due  to  the  fact  that  the  most  common  manifestation  of 
CHD  in  women  is  AP  which  does  not  appear  to  be  a very  lethal  condition 
in  women  (see  part  2 of  this  section). 

Figure  IB  from  Table  IB  includes  mortality  experience  from  the 
same  interval  as  CHD  diagnosis.  Note  that  the  interval  1=0  was 
used  to  denote  the  same  interval  as  diagnosis  of  the  event.  P(o) 
thus  represents  the  proportion  of  all  subjects  who  experienced  an 
event  who  survived  to  their  next  examination.  More  to  the  point 
Q(o)  represents  the  proportion  of  all  subjects  -who  contracted 
CHD  after  an  examination  and  did  not  live  to  the  next  examination. 

When  we  include  this  experience  the  percent  surviving  after  7 exam 
intervals  falls  from  44. 2^  to  33 - 8%  for  men  and  from  66.1 to  5 4.0% 
for  women.  This  also  shows  that  the  first  manifestation  of  CHD  is 
very  often  lethal.  23.5 1°  (78/332)  of  the  men  and  18.2$  (33/l8l)  of 
the  women  who  had  CHD  died  in  the  same  interval  as  CHD  was  first 
diagnosed.  This  "zero"  interval  represents,  on  the  average,  one  year  of 
experience  after  the  occurrence  of  CHD.  The  death  could  have 
actually  occurred  within  minutes  of  symptoms  or  could  have  occurred 
two  years  after  onset  of  CHD  since  examinations  were  given  biennially. 

* survivors  of  first  acute  episode  only. 
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For  both  men  and  women  chances  of  surviving  are  generally  better 
at  younger  ages  than  older.  The  only  exception  to  this  is  women  4-5 -54- 
years  of  age  who  seem  to  fare  worse  than  those  55-64  but  since  the  num- 
bers involved  are  small  it  is  hard  to  say  if  this  is  real  or  peculiar 
to  these  data.  At  any  rate  the  women  aged  45-54  (as  well  as  the  55-64 
group)  show  better  chances  of  survival  throughout  the  14  years  than  the 
65-74  age  group. 


Percent  Surviving  CHD  by  Age 


Humber  of  exam 

Men 

Women 

intervals 

45- 

55- 

65- 

45- 

55- 

85- 

after  event 

54 

64 

74 

54 

64 

74 

0 

84.5 

74.6 

68.6 

84.4 

89.7 

70.2 

1 

79-8 

70.5 

60.8 

81.3 

86.2 

64.9 

2 

71.1 

62.9 

49.7 

77-7 

83.6 

56.8 

3 

65.7 

59.6 

44.8 

77.7 

79-1 

52.1 

Also  note  from  the  above  table  that  survival  in  women  with  CHD  is 


better  in  all  age  groups  than  the  survival  in  men.  This  substantiates 
the  observation  that  a diagnosis  of  CHD  i-s  more  serious  in  men  than  in 
women  and  is  not  due  solely  to  a difference  in  their  age  distribution. 

We  find  that  relative  survival  also  seems  better  in  younger  men 
(Figure  1C).  This  finding  is  in  contrast  with  other  studies,  which 
report  that  younger  men  have  lower  relative  survival  rates  than  older 
men  suggesting  that  the  younger  men  do  worse  in  comparison  with  the 
rest  of  their  age  group  than  do  the  older  men. 


I 

I 


1 


ONiAiAdns  Nonaodoad  3Aiivnnwno 


NUMBER  (I)  OF  EXAM  INTERVALS  (of  approximately  two  years)  AFTER  CHD  DIAGNOSIS 


Figure  IB 

CUMULATIVE  PROPORTION  SURVIVINGI  EXAM  INTERVALS  AFTER  CHD  EVENT: 
FRAMINGHAM  STUDY,  16-YEAR  FOLLOWUP 


NUMBER  (I)  OF  EXAM  INTERVALS  (of  approximately  two  years)  AFTER  CHD  EVENT 


d d d 6 6 


oni AiAdns  NOiidOdoad  BAiivinwno 


NUMBER  (I)  OF  EXAM  INTERVALS  (approximately  two  years)  AFTER  CHD  EVENT 
( INTERVAL  0 INCLUDES  DEATHS  WHICH  OCCURRED  IN  THE  SAME  EXAM  INTERVAL  AS  EVENT) 
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Coronary  Attack  (CA) 

Coronary  attack  (CA)  was  defined  as  the  development  of  coronary 
heart  disease  (CHD)  other  than  angina  pectoris  in  persons  free  from  pre- 
vious evidence  of  the  disease.  Thus  a coronary  attack  was  diagnosed  if 
a subject  developed  a myocardial  infarction  (Ml),  coronary  insufficiency 
(Cl),  sudden  or  non-sudden  CHD  death.  (See  section  on  Coronary  Heart 
Disease  for  definitions). 

Table  2A  includes  subjects  who  experienced  a first  coronary 
attack  and  survived  to  the  examination  after  attack.  This  is  rather 
an  artificial  way  of  looking  at  the  data  since  the  CHD  deaths  are 
eliminated  here  by  definition.  Thus  the  A table  only  includes  sub- 
jects who  experienced  a myocardial  infarction  or  coronary  insufficiency 
and  survived  to  the  examination  after  the  event.  The  conclusions  to  be 
drawn  from  the  A table  are  essentially  the  same  as  for  myocardial  infarc- 
tion. (See  the  MI  section  for  a discussion  of  the  results  on  the  A 
table ) . 

Figure  2A  (from  Table  2B  ) is  a graph  of  the  cumulative  survival 
rates  CP(l)  for  284  men  and  95  women  who  had  a coronary  attack.  This 
table  includes  all  cases  of  CHD  deaths,  coronary  insufficiency  and 
myocardial  infarction.  This  table  shows  that  a first  coronary  attack 
is  very  often  lethal.  More  than  one-third  of  the  subjects  (35 *6$  of 
the  men  and  43.2 $ of  the  women)  died  in  the  same  interval  as  their 


first  coronary  attack. 
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Number  of  exam 

intervals 

Percent 

Surviving  CA 

after  event 

Men 

Women 

0 

64.4 

56.8 

1 

59-5 

53-7 

2 

50.5 

49.6 

3 

45.0 

45.9 

4 

39.5 

36.7 

Two  exam  intervals  (approximately  four  years)  after  an  attack  one 

half  of  this  cohort 

died.  There  does  not  seem  to  be  any  difference  in 

survival  between  the 

sexes . 

The  cumulative 

relative 

survival  rates  CR(l)  also  show  the  heavy 

mortality  associated  with  a 

coronary  attack. 

Number  of  exam 

Cumulative 

Relative 

intervals 

Survival  Rate--CA 

after  event 

Men 

Women 

0 

.650 

•573 

1 

.619 

• 555 

2 

.544 

.522 

3 

•503 

.496 

4 

.461 

.410 

After  three  exam  intervals  survival  is  only  half  of  that  expected 
in  both  sexes.  After  four  exam  intervals  (approximately  eight  years) 
the  expected  mortality  rate  in  men  is  14.4 ^0,  the  observed  mortality 
60.5%;  in  women  the  expected  mortality  rate  is  10.4 <jo,  the  observed  63. 3$- 
There  is  greater  than  four  times  more  mortality  in  those  subjects  who 
experienced  a CA  than  is  expected  in  the  general  population  free  of 


CA 


CUMULATIVE  PROPORTION  SURVIVING 


Figure  2 A 

CUMULATIVE  PROPORTION  SURVIVING  I EXAM  INTERVALS 
AFTER  CA  EVENT:  FRAMINGHAM  STUDY,  16-YEAR  FOLLOWUP 


NUMBER  (I)  OF  EXAM  INTERVALS  (of  approximately  two  years) 
AFTER  CA  EVENT  (INTERVAL  0 INCLUDES  DEATHS  WHICH 
OCCURRED  IN  SAME  EXAM  INTERVAL  AS  EVENT) 
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Angina  Pectoris  Uncomplicated  (APU) 

Angina  pectoris  uncomplicated  is  the  occurrence  of  definite  angina 
pectoris  in  an  exam  interval  without  coronary  heart  disease  death, 
definite  myocardial  infarction,  or  definite  coronary  insufficiency 
occurring  before  or  in  the  same  exam  interval.  Definite  angina  pectoris 
was  diagnosed  if  two  physicians  interviewing  the  subject  agreed  that 
the  distress  he  suffered  of  brief  recurrent  chest  discomfort  of  up  to 
15  minutes  duration,  precipitated  by  exertion  or  emotion  and  relieved 
by  rest  or  nitroglycerine,  was  due  to  this  condition.  This  diagnosis 
was  based  on  evaluation  of  a subjective  manifestation;  no  post-exer- 
cise ECG  abnormality  or  ECG  abnormality  at  rest  was  required.  It 
was  necessary  for  a person  to  appear  for  clinic  examination  for  this 
diagnosis  to  be  made. 

Figure  3A  (from  Table  3^-)  is  a graph  of  the  cumulative  survival 
rates  CP(l)  for  the  96  men  and  10 4 women  who  developed  angina  pectoris 
uncomplicated.  APU  presents  a very  serious  condition  in  men;  it  does 
not  appear  as  lethal  in  women,  however. 


Number  of  exam 
intervals 

Percent 

Surviving  j 

after  diagnosis 

Men 

Women 

1 

95-0 

95-2 

2 

89.I 

90.7 

3 

83.7 

87.9 

4 

73.0 

80.6 

5 

65.4 

78.1 

6 

42.3 

78.1 

For  the  first  three  exam  intervals  (approximately  six  years)  after 
a diagnosis  of  APU,  mortality  in  men  and  women  looks  similar- -about  5 1° 
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have  died  after  one  interval,  about  10%  after  two  intervals,  and  about 
15%  after  three.  Soon  after  this  mortality  slows  down  in  women,  but 
not  in  men.  Six  exam  intervals  after  diagnosis  22%  of  the  women  and 
58%  of  the  men  died. 

Mortality  in  women  with  APU  does  not  greatly  exceed  that  expected 
in  women  who  do  not  have  APU  at  the  reference  exam.  The  relative  sur- 
vival rate  for  women  after  six  exam  intervals  (from  Table  3A)  is 
.892;  which  indicates  that  APU  does  not  pose  a major  threat  to  survival 
in  women. 

The  picture  is  quite  different  for  men.  The  relative  survival  rate 
of  .557  after  six  exam  intervals  indicates  that  the  12-year  survival 
rate  in  men  with  APU  is  about  one -half  that  expected.  For  men,  at  least, 
APU  has  a prognosis  comparable  to  that  of  persons  surviving  the  acute 
period  of  a myocardial  infarction. 


Number  of  exam 

Percent  Surviving 

APU, MI -Men 

intervals 

Ages 

Combined 

Ages  55-64 

after  diagnosis 

MI* 

APU 

MI*  APU 

1 

91.8 

95-0 

93.8  96.4 

2 

77.1 

89.I 

82.1  87.8 

3 

65.8 

83.7 

76.4  80.3 

4 

59-6 

43.0 

69-6  73-3 

5 

51.5 

65.4 

63.3  64.1 

Of  course,  the  numbers  are  small  and  the  standard  errors  are  large, 
especially  in  the  last  intervals,  but  the  seriousness  of  angina  pec- 
toris has  been  noted  by  others.  Richards  et.al.  (28)  completed  a 
study  of  456  cases  (348  men  and  108  women)  with  angina  pectoris  who 
were  followed  for  a minimum  of  25  years.  The  average  age  of  onset 


* survivors  of  first  acute  episode  only. 
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for  males  was  56.6  and  for  females  57  years.  The  five  and  a half 
year  survival  rate  was  64.3$  in  males  and  72.6$  in  females;  the  ten 
and  a half  year  survival  rate  was  41.4$  for  males  and  44.3$  for 
females.  These  rates  are  lower  than  what  we  observed,  but  we  looked 
at  "uncomplicated"  angina  which,  of  course,  weeds  out  the  more  seri- 
ous complications.  Richards’  study  also  reports  greater  mortality 
among  men  than  among  women  throughout  followup.  They  also  found  that 
the  relative  survival  rate  in  young  (36-55)  and  old  (56-80)  subjects 
was  about  the  same  indicating  that  angina  pectoris  "seems  to  impose 
the  same  excess  mortality  load  on  young  patients  as  it  does  on  old." 

Block  et.  al.  reports  on  6882  cases  of  angina  pectoris.  The 
average  age  of  onset  was  58.5  years  for  males  and  60.1  years  for 
females.  The  five-year  survival  rate  was  58.4$  (55*9$  for  males  and 
68.8 $ for  females);  the  ten-year  survival  rate  was  37-1$  (34.2$  for 
males  and  49-0 $ for  females).  Those  patients  with  normal  electro- 
cardiograms had  a better  prognosis--five-year  survival  of  73*1$  and 
ten-year  survival  rate  of  50.0$.  The  general  population  adjusted 
for  age  and  sex  showed  a five-year  survival  rate  of  86.9 $ and  a ten- 
year  rate  of  70.4$.  Block’s  study  also  shows  that  although  the  sur- 
vival rate  is  highest  in  the  youngest  age  group  and  drops  consistently 
with  age,  the  relative  survival  rates  are  about  equal  in  the  differ- 
ent age  groups.  Our  data  are  too  scanty  to  allow  us  to  make  any 
hypotheses  about  the  effect  of  age. 


CUMULATIVE  PROPORTION  SURVIVING 


Figure  3A 

CUMULATIVE  PROPORTION  SURVIVING  I EXAM  INTERVALS 
AFTER  APU  DIAGNOSIS:  FRAMINGHAM  STUDY  I 16-YEAR  FOLLOWUP 


NUMBER  (I)  OF  EXAM  INTERVALS  (of  approximately  two  years) 

AFTER  APU  DIAGNOSIS 
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Myocardial  Infarction  (Ml) 

The  following  were  the  criteria  used  for  the  diagnosis  of  definite 
myocardial  infarction. 

(1)  Recent  or  acute  myocardial  infarction  was  designated  when  S-T 
segment  elevation  in  the  electrocardiographic  (ECG)  tracing  -was  seen 
associated  with  later  inversion  of  T-waves  and  the  occurrence  of  loss 
of  initial  QRS  potentials  (i.e.,  development  of  "pathologic"  Q-waves 
of  0.04  second  duration  or  greater,  followed  by  serial  changes  of 
evolution  if  available . ) 

(2)  An  old  or  remote  MI  was  considered  to  be  present  when  the 
ECG  showed  a pathologic  Q-wave  of  0.04  second  or  greater,  or  loss  of 
initial  QRS  potential  (R-wave ) in  those  leads  in  which  this  would 
not  be  expected  to  occur.  Also  an  old  MI  was  indicated  when  changes 
from  a previous  tracing  showed  a loss  of  R-wave  potential  previously 
present  and  not  otherwise  explained.  More  weight  was  given  to  this 
finding  if  a T-wave  abnormality  was  also  associated. 

(3)  The  development  of  unequivocal  change  characteristic  of 
myocardial  infarction  on  routine  biennial  ECG  examination  in  the 
absence  of  recognized  symptoms  (as  reported  to  the  examining  phy- 
sician by  the  subject)  was  called  "silent"  MI  or  clinically  unrecog- 
nized MI. 

(4)  Beginning  at  Exam  4,  a hospital  report  for  a subject  show- 
ing a rise  in  the  serum  glutamic  oxalacetic  transaminase  to  a level 
at  least  60  units  along  with  a history  of  prolonged  ischemic  chest 
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pain  was  accepted  as  evidence  of  myocardial  infarction. 

(5)  An  autopsy  report  for  a subject  showing  an  acute,  new  or 
recent  infarction  of  the  myocardium  was  accepted  as  evidence  of  myo- 
cardial infarction. 

Note:  A diagnosis  of  MI  does  not  include  sudden  and  non-sudden 

CUD  deaths  if  they  do  not  meet  the  above  criteria. 

Myocardial  infarction  although  less  common  in  women  than  in  men 
seems  nearly  as  serious  in  women,  as  seen  in  Figure  4A  (from  Table  4a). 
These  calculations  are  based  on  3^-  cases  of  MI  in  women  and  158  cases 
in  men. 


Number  of  exam 


intervals 

Percent 

Surviving  MI* 

after  diagnosis 

Men 

Women 

1 

91.8 

94.1 

2 

77-1 

81.8 

3 

65.8 

71.6 

After  three  exam  intervals  (six  years)  more  than  28%  of  the  women 
have  died;  whereas  about  34%  of  the  men  died  after  the  same  amount  of 
time.  Figure  4B  (from  Table  4b)  which  includes  subjects  who  died  in 
the  same  interval  in  which  they  experienced  an  MI  also  indicates  the 
seriousness  of  this  disease  in  women.  30%  of  the  women  who  suffered 
an  MI  died  within  the  same  exam  interval.  About  half  this  percentage 
of  men,  16%  died  in  the  corresponding  interval.  Other  studies  report 
a higher  mortality  rate  for  men  in  the  first  year  after  infarction. 
Pell  et.al.  report  that  37%  of  the  men  who  suffer  a first  myocardial 
infarction  die  within  a year.  Zukel  et.al.  report  that  about  22%  of 


* survivors  of  first  acute  episode  only. 


The  Framingham  Study 


25-22 


those  with  myocardial  infarction,  coronary  occlusion,  or  coronary 
thrombosis  die  within  one  year.  These  differences  may  be  explained 
by  differences  in  definitions  of  disease  and  age  distribution  of  the 
c ohort . 


It  could  be  that  the  comparison  of  mortality  between  men  and 


women  is  biased  by  the  difference  in  age  distribution,  i.e.,  women 
with  MI  tend  to  be  older  than  men  with  MI.  Compare  the  survival 
rates  in  the  largest  age  group  for  women  (55-64)  with  those  rates 


for  men. 


Number  of  exam 
intervals 
after  event 


Percent  Surviving  MI 
Age  55-64 
Men  Women 


0 

1 

2 


86.2  77.8 
80.9  66.7 
70.7  66.7 


The  above  data,  with  age  held  constant,  suggest  that  MI  may  be 


more  serious  for  women  than  for  men.  The  cumulative  relative  sur- 
vival rate  (CR)  which  "adjusts"  for  age  also  suggests  that  MI  may  be 
a greater  threat  to  women  than  to  men  of  the  same  age . 


Number  of  exam 

Cumulat ive 

Relati 

intervals 

Survival  Rate — MI 

after  event 

Men 

• Women 

0 

.851 

• 715 

1 

.806 

.688 

2 

.702 

.609 

3 

.621 

.547 

The  relative  survival  rates  (R)  for  each  interval  suggest  that 


about  four  exam  intervals  (nine  years  if  mortality  experience  from 
the  same  exam  as  diagnosis  is  included)  after  the  event,  the  survi- 
val tends  to  return  to  expected.  (See  Figure  4C  ). 
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Number  of  exam 
intervals 
after  event 


Relative  Survival  Rate- -MI 


3 

4 

5 

6 
T 


0 

1 

2 


.851 

• 946 
.869 
.885 

• 951 

• 911 

•990 

.965 


Cochran  et.al.  found  that  there  is  about  three  times  more  risk 
in  men  who  have  suffered  an  MI  than  the  standard  insurance  risk  for 
ten  years  or  more  after  the  MI.  This  is  similar  to  our  Framingham 
statistics.  After  ten  years  there  is  almost  three  times  more  mortal- 
ity in  men  with  MI  than  is  expected  (56.7$  observed  versus  19.8$ 
expected).  In  women  there  is  77-5 $ mortality  after  five  exam  inter- 
vals as  opposed  to  12$  expected,  or  about  six  times  more  mortality 
than  is  expected.  Cochran's  study  also  found  that  the  degree  of  risk 
in  comparison  to  standard  is  greater  at  younger  ages  than  older.  Our 
data  are  too  scanty  and  do  not  support  or  refute  any  such  conclusions. 


CUMULATIVE  PROPORTION  SURVIVING  I EXAM  INTERVALS 
AFTER  MI  DIAGNOSIS!  FRAMINGHAM  STUDY,  16-YEAR  FOLLOWUP 
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CUMULATIVE  PROPORTION  SURVIVING  I EXAM  INTERVALS 
AFTER  MI  EVENT:  FRAMINGHAM  STUDY,  16-YEAR  FOLLOWUP 
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NUMBER(I)  OF  EXAM  INTERVALS  (of  approximately  two  years) 
AFTER  MI  EVENT  (INTERVAL  0 INCLUDES  DEATHS 
WHICH  OCCURRED  IN  THE  SAME  EXAM  INTERVAL  AS  EVENT) 


Figure  4C 

RELATIVE  SURVIVAL  RATE  FOR  MEN  I EXAM  INTERVALS  AFTER  MI  EVENT 
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NUMBER  (I)  OF  EXAM  INTERVALS  (of  approximately  two  years)  AFTER  MI  EVENT 
(INTERVAL  0 INCLUDES  DEATHS  WHICH  OCCURRED  IN  SAME  EXAM  INTERVAL  AS  EVENT) 
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Congestive  Heart  Failure  (CHF) 

A diagnosis  of  definite  congestive  heart  failure,  required  two 
major  or  one  major  and  two  minor  criteria;  the  criteria  existing 
concurrently.  The  minor  criteria  when  used,  were  not  attributable 
to  some  condition  other  than  CHF. 

Major  Criteria 


1)  Paroxysmal  nocturnal  dyspnea. 

2)  Distended  neck  veins  (not  counting  the  supine  position). 

3)  Rales  in  presence  of  unexplained  dyspnea. 

4)  Cardiomegaly  and  pulmonary  hilar  congestion  by  X-ray  in 
absence  of  any  left  to  right  shunt,  or  increasing  heart 
size . 

5 ) Acute  pulmonary  edema  described  in  hospital  record. 

6)  Ventricular  gallop. 

7)  Increased  venous  pressure  (greater  than  16  cm  H^O  from 
right  atrium. 

8)  Circulation  time  (greater  than  24  seconds,  arm  to  tongue). 

9)  Hepato- jugular  reflux. 

10)  Autopsy  shows  pulmonary  edema,  visceral  congestion, 
cardiomegaly. 

Minor  Criteria 

1)  Ankle  edema. 

2)  Night  cough. 

3)  Dyspnea  on  ordinary  exertion 

4)  Hepatomegaly. 

5)  Pleural  effusion. 

6)  Decrease  vital  capacity  by  one -third  from  maximum 
recorded. 

7)  Tachycardia  (120  beats  per  minute  or  more). 

Arbitrary  Major  or  Minor  Criteria 

l)  Weight  loss  (ten  pounds  or  more  in  five  days)  combined 
with  improvement  in  respiratory  symptoms  in  five  days 
while  on  therapy  for  CHF. 
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Figure  5A  (from  Table  5A)  is  a graph  of  the  cumulative  survival 
rates  CP(l)  for  the  58  men  and  43  women  who  developed  congestive  heart 
failure.  A diagnosis  of  CHF  is  very  serious  in  both  men  and  women. 


Number  of  exam 
intervals 

Percent 

Surviving  CH 

after  diagnosis 

Men 

Women 

1 

69.O 

79-1 

2 

48.5 

65.9 

3 

36.9 

46.1 

4 

22.7 

35.9 

When  mortality  experience  from  the  same  interval  as  diagnosis  is 
included  the  outlook  becomes  even  more  discouraging  (Figure  5B). 


Nuniber  of  exam 

intervals 

Percent 

Surviving  CHF 

after  event 

Men 

Women 

0 

79-5 

86. 0 

1 

54.8 

68.0 

2 

38.5 

56.7 

3 

29.3 

39-7 

4 

18.1 

30.9 

Note  that  in  the  above  table  about  20%  of  the  men  and  14%  of  the 
women  die  in  the  same  interval  as  CHF  is  diagnosed.  This  may  be  com- 
pared with  the  mortality  from  MI  (16%  for  men  and  29%  for  women)  in 
the  corresponding  interval. 


Even  if  subjects  with  prior  or  co-existing  CHD  are  eliminated  the 
survival  does  not  improve.  (27  of  the  58  men  with  CHF  and  16  of  the 
women  with  CHF  also  had  CHD). 


* survivors  of  first  acute  episode  only. 
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Number  of  exam 

Percent  Surviving  CHF* 

intervals 

Men 

Women 

after  diagnosis 

Total 

Without  CKD 

Total 

Without  CHD 

1 

69.O 

71.0 

79-1 

74.1 

2 

48.5 

52.3 

65.9 

65.8 

3 

36.9 

33-3 

46.1 

50.6 

4 

22.  T 

20.0 

35-9 

36.2 

Figure  5C  is  a graph  of  the  relative  survival  rates  (R).  The  steep 
slope  shows  that  there  is  much  more  mortality  than  expected  in  a group 
free  of  CHF  but  similar  in  age.  If  the  initial  experience  is  combined 
with  experience  in  the  next  four  exam  intervals,  only  18.1 $ of  the  men 
survived;  the  expected  survival  rate  was  84.3 $>.  Only  30.9 1°  of  the 
women  survived  a similar  period  as  opposed  to  91-2 $ expected. 


* survivors  of  first  acute  episode  only. 


CUMULATIVE  PROPORTION  SURVIVING 


Figure  5A 

CUMULATIVE  PROPORTION 
SURVIVING  I EXAM  INTERVALS  AFTER  CHF  DIAGNOSIS 
FRAMINGHAM  STUDY,  16-YEAR  FOLLOWUP 


NUMBER  (I)  OF  EXAM  INTERVALS  AFTER  CHF  DIAGNOSIS 


CUMULATIVE  PROPORTION  SURVIVING 


Figure  5B 


CUMULATIVE  PROPORTION  SURVIVING  I EXAM  INTERVALS 

AFTER  CHF  EVENT  I 

FRAMINGHAM  STUDY,  16  YEAR  FOLLOWUP 


NUMBER  (I)  OF  EXAM  INTERVALS  (of  approximately  two  years) 
AFTER  CHF  EVENT  ( INTERVAL 0 INCLUDES  DEATHS 
WHICH  OCCURRED  IN  THE  SAME  EXAM  INTERVAL  AS  EVENT) 


RELATIVE  SURVIVAL  RATE  I EXAM  INTERVALS 
AFTER  CHF  EVENT:  FRAMINGHAM  STUDY,  16-YEAR  FOLLOWUP 


(9;dj  |DAjAjns  papadxa/ajDj  | DAjAjns  paAjasqo) 
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NUMBER(I)  OF  EXAM  INTERVALS  (of  approximately  two  years)  AFTER  CHF  EVENT 
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Cerebrovascular  Accident  (CVA) 

The  diagnosis  of  overt  vascular  disease  of  the  brain  was  based  on 
the  occurrence  of  apoplexy.  Minimal  criteria  for  nonhemorrhagic  apop- 
lexy consisted  of  the  sudden  onset  of  a localizing  neurologic  deficit 
(such  as  hemiparesis,  aphasia,  homonymous  hemianopia ) ; for  hemorrhagic 
apoplexy,  a change  in  the  state  of  consciousness,  headache,  and  signs 
of  meningeal  irritation  in  association  with  a bloody  spinal  fluid 
under  increased  pressure  whether  with  other  localizing  deficits.  A 
diagnosis  of  embolus  to  the  brain  was  made  if  a source  for  embolus 
(i.e.,  atrial  fibrillation,  rheumatic  heart  disease  with  mitral  sten- 
osis, recent  myocardial  infarction,  bacterial  endocarditis)  was  pre- 
sent, the  clinical  course  consistent  (i.e.,  rapid  onset  and  clearing, 
slightly  bloody  spinal  fluid,  a more  localized  deficit),  or  the  occur- 
rence of  associated  peripheral  emboli  elsewhere  noted.  A consultant 
neurologist  and  the  clinical  staff  of  the  Study  review  hospital  and 
clinic  protocols. 

Thrombotic  brain  infarction  was  defined  as  the  sudden  onset  of  a 
localizing  brain  deficit  (e.g.,  aphasia,  homonymous  hemianopia,  a 
central  type  of  facial  weakness,  hemiparesis)  documented  by  a physi- 
cian, lasting  longer  than  24  hours,  in  the  absence  of: 

(1)  known  source  of  embolism, 

(2)  intracranial  hemorrhage  (intracerebral  subarachnoid), 

(3)  known  hypercoagulable  states  (e.g.,  erythemia), 

(4)  other  disease  processes  causing  focal  brain  deficits 
(brain  tumor,  subdural  hematoma,  hypoglycemia). 
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Figure  6A  (from  Table  6A)  shows  the  poor  prognosis  of  subjects 
(44  men  and  53  women)  who  have  suffered  CVA.  Robinson  et.al.  state 
"general  pessimism  by  many  in  the  medical  profession  toward  patients 
with  this  disease  has  retarded  interest  in  any  systematic  study  of 
its  natural  course  or  therapy  to  improve  the  status  of  patients  so 
afflicted. " 


Number  of  exam 
intervals 

Percent 

Surviving  CV 

after  diagnosis 

Men 

Women 

1 

81.8 

86.8 

2 

67.2 

82.1 

3 

63.O 

64.5 

4 

47.3 

60.2 

If  mortality  experience  from  the  same  interval  as  diagnosis  is 
included,  it  is  shown  that  more  than  3 0$>  of  the  men  and  about  2QP/o  of 
the  women  succumbed  in  the  same  interval  as  first  diagnosis  of  CVA. 
Figure  6B  (from  Table  6b)  shows  this. 


Number  of  exam 
intervals 

Percent 

Surviving  CVA 

after  event 

Men 

Women 

0 

66.7 

80.3 

1 

54.5 

69.7 

2 

44.8 

65.9 

3 

42.0 

51.8 

4 

31-5 

48.3 

* survivors  of  first  acute  episode  only. 
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NUMBER  I OF  EXAM  INTERVALS  (of  approximately  two  years)  AFTER  CVA  DIAGNOSIS 


CUMULATIVE  PROPORTION  SURVIVING 


Figure  6B 


CUMULATIVE  PROPORTION 
SURVIVING  I EXAM  INTERVALS  AFTER  CVA  EVENT 


NUMBER  (I)  OF  EXAM  INTERVALS  (of  approximately  two  years) 
AFTER  CVA  EVENT  (INTERVAL  0 INCLUDES  DEATHS 
WHICH  OCCURRED  IN  THE  SAME  EXAM  INTERVAL  AS  EVENT) 
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Brain  Infarction  (Bl) 

For  the  definition  of  brain  infarction  refer  to  the  previous  section 
on  CVA.  These  subjects  are  a subset  of  those  who  had  CVA. 

There  were  71  subjects,  33  men  end  38  women  who  incurred  a first 
brain  infarction.  Figure  7A  (from  Table  7B)  shows  the  survival  curve. 
21.2$  of  the  men  and  13-2$  of  the  women  died  in  the  same  interval  as 
diagnosis.  The  numbers  are  small  but  there  is  not  a significant  dif- 
ference in  the  survival  pattern  between  the  sexes.  Conant  et.al. 
found  that  there  was  a similar  death  pattern  after  the  initial  episode 
in  the  two  sexes.  Howard  et.al.  found  that  about  20$  of  46  patients 
who  suffered  cerebral  thrombosis  between  the  ages  of  30  and  70  died 
within  one  year.  They  also  found  that  early  mortality  was  strongly 
associated  with  age. 

In  our  cohort  if  we  eliminate  those  subjects  who  had  pre-existing 
or  co-existing  CHD  or  CHF,  the  picture  is  better  (about  one -third  of 
the  subjects  did  have  one  of  the£e  conditions). 


Percent  Surviving  BI 


Number  of  exam 
intervals 
after  event 

Men 

Women 

Total 

Without 
CHD  or  CHF 

Total 

Without 
CHD  or  CHF 

0 

78.8 

95-2 

86.8 

95.8 

1 

66.7 

83-3 

81.6 

91.0 

2 

58.3 

74.1 

75.5 

78.9 

CUMULATIVE  PROPORTION  SURVIVING  I EXAM  INTERVALS 

AFTER  BX  EVENT 


— d- 


c 

4> 


c e 
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NUMBER  (I)  OF  EXAM  INTERVALS  (of  approximately  two  years) 
AFTER  BI  EVENT  (INTERVAL  0 INCLUDES  DEATHS 
WHICH  OCCURRED  IN  THE  SAME  EXAM  INTERVAL  AS  EVENT) 


The  Framingham  Study 


25-30 


Intermittent  Claudication  Cic) 

Intermittent  claudication  "was  diagnosed  if  the  subject  experienced 
pain  in  the  lower  limbs  "when  walking  a variable  distance  (30-300  yards) 
and  if  the  pain  appeared  sooner  when  walking  quickly  or  when  walking 
uphill,  and  was  then  relieved  within  a few  minutes  by  resting. 

Figure  8A  (from  Table  8A)  is  a graph  of  the  survival  rates  CP(l) 
for  the  69  men  and  38  women  who  developed  intermittent  claudication. 
This  condition  although  less  common  in  women  appears  to  be  associated 
with  about  the  same  mortality  in  both  sexes. 


Number  of  exam 
intervals 

Percent 

Surviving  ! 

after  diagnosis 

Men 

Women 

1 

94.2 

97.4 

2 

85.8 

90.4 

3 

79-2 

85.1 

4 

66.5 

65.5 

5 

53-2 

57-3 

The  mortality  seen  in  subjects  with  this  disease  is  surprisingly 
high.  Ten  years  after  diagnosis  more  than  40$  of  the  afflicted  have 
died.  The  relative  survival  rate  also  reflects  the  seriousness  of  IC. 
After  ten  years,  the  expected  mortality  for  men  was  20.5 $;  3 4.6$  of 
the  subjects  died;  21.9$  of  the  women  died  as  opposed  to  10.1$  expected. 
The  relative  survival  rate  after  ten  years  was  .822  for  men,  .869  for 
women.  There  does  not  seem  to  be  much  information  in  the  literature 
concerning  the  prognosis  of  patients  with  IC.  The  above  results  sug- 
gest that  IC  is  a symptom  that  deserves  concern. 

If,  however,  we  eliminate  from  the  cohort  of  those  with  IC, 
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subjects  with  pre-existing  or  co-existing  (existing  at  time  of  IC 
diagnosis)  CHD,  CVA,  or  CHF  the  outlook  is  much  brighter.  There  are 
36  men  and  25  women  diagnosed  with  IC  who  did  not  have  any  of  these 
other  conditions. 


Number  of  exam 

Percent 

Surviving  IC 

intervals 

Total 

Without 

CHD,CVA,CHF 

after  diagnosis 

Men 

Women 

Men 

Women 

1 

94.2 

97.4 

97-2 

100.0 

2 

85.8 

90.4 

94.0 

9^.7 

3 

79-2 

85.1 

89.5 

94.7 

These  survival  rates  are  what  is  expected  in  the  general  population. 
After  eight  years  the  survival  rates  are  the  same  in  those  with  IC 
(excluding  the  other  conditions)  as  in  those  without  IC.  These  results 
suggest  that  IC  appears  serious  because  it  frequently  exists  with  other 
cardiovascular  diseases;  however,  when  IC  appears  alone  the  subsequent 
survival  experience  seems  quite  good. 


CUMULATIVE  PROPORTION  SURVIVING  I EXAM  INTERVALS 
AFTER  IC  DIAGNOSIS:  FRAMINGHAM  STUDY:  16-YEAR  FOLLOWUP 


6 6 6 6 6 
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NUMBER  I OF  EXAM  INTERVALS  (of  approximately  two  years)  AFTER  IC  DIAGNOSIS 
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LIFE  TABLES 

Notes : 

If  the  standard  error  of  the  cumulative  proportion  surviving  (SECP) 
was  greater  than  .13  the  data  are  not  presented  for  the  interval. 

Note  that  the  category  "ages  combined"  often  includes  a greater 
number  of  subjects  than  the  sum  of  the  individual  age  groups.  The  rea- 
son for  this  is  that  an  age  group  often  did  not  include  enough  subjects 
to  be  presented  in  a separate  life  table.  For  example , age  groups  28-3^ 
and  75-8^  were  never  presented  since  the  number  of  subjects  was  too 
small. 


TABLE  1A.  LIFE  TABLE  FOR  CORONARY  HEART  DISEASE  FOR  MEN:  FRAMINGHAM  HEART  STUDY,  16-YEAR  FOLLOW-UP 
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TABLE  1A.  LIFE  TABLE  FOR  CORONARY  HEART  DISEASE  FOR  WOMEN:  FRAMINGHAM  HEART  STUDY,  16-YEAR  FOLLOW-UP 
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LIFE  TABLE  FOR  ANGINA  FECTORIS  UNCOMPLICATED  FOR  WOMEN:  FRAMINGHAM  HEART  STUDY,  16-YEAR  FOLLOW-UP 
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TABLE  5A.  LIFE  TABLE  FOR  CONGESTIVE  HEART  FAILURE  FOR  MEN:  FRAMINGHAM  HEART  STUDY,  16-YEAR  FOLLOW-UP 
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TABLE  6A.  LIFE  TABLE  FOR  CEREBROVASCULAR  ACCIDENT  FOR  MEN:  FRAMINGHAM  HEART  STUDY,  16-YEAR  FOLLOW-UP 
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6A.  LIFE  TABLE  FOR  CEREBROVASCULAR  ACCIDENT  FOR  WOMEN:  FRAMINGHAM  HEART  STUDY,  16-YEAR  FOLLOW-UP 
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TABLE  7A.  LIFE  TABLE  FOR  BRAIN  INFARCTION  FOR  MEN:  FRAMINGHAM  HEART  STUDY,  16-YEAR  FOLLOW-UP 
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7A.  LIFE  TABLE  FOR  BRAIN  INFARCTION  FOR  WCMEN:  FRAMINGHAM  HEART  STUDY,  16-YEAR  FOLLOW-UP 
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TABLE  7B.  LIFE  TABLE  FOR  BRAIN  INFARCTION  FOR  MEN:  FRAMINGHAM  HEART  STUDY,  16-YEAR  FOLLOW-UP 


00  0 -d- 

1 e 1 1 OV  OJ 

1111  Os  CVJ 

o 0 0 1 O H 

6 6 6 

Bill  O O 

OJ  f—  ON  NO  un  un  H 1 

6666060  1 


co  o o 

rH  O O 

H O O 

6 6 6 


OnJ;  1 
ON  O 1 

O H 1 

6 6 « 


CVJ  rovo  O -3- 


& d OJ  O O 


O 

o 


0000000  I 


on  rH  UN  1 

1 

1 

0 

8 

LTV  L r\  1 

1 

8 

8 

8 

8 

rH  -d-  NO 

CO  O CVJ  1 

1 

1 

1 

8 

OJ  OJ  l 

8 

8 

8 

8 

0 

O O m 

co  On  On  1 

B 

1 

1 

0 

CO  t-  1 

8 

1 

1 

8 

1 

CO  1— vo 

066! 

1 

1 

1 

1 

0 0 1 

1 

8 

8 

8 

8 

000 

rH  O 

-d-  -d- 

0066 


mo  h 1 

CO  OJ  OJ  I 

00  o o i 

O rH  rH  I 


UN  t—  D 
OJ  t—  I 
CO  00  i 

6 6 ! 


rH  t~-  t—  O NO  UN  ON 

o so  mo  iao] 

cooo  o\Onso  o 

ooooohh 


t-  t—  t—  8 

ddd  1 

8 8 8 8 CO  VO 

8 8 8 8 Q>  rH 

8 8 8 8 O H 

1 1 ■ 1 1 H CVJ 

1 1 1 1 I t-CD 

1 1 1 I I O O 

6001 

i i i i O O i 

i i 0 i i O O 

H H O O O I 

ON  O OJ  OJ  OJ  I 

O H rl  iH  rl  ' 

6 6 6 6 6 1 


C~-  O O 

8 

8 

8 

8 

CO  0 

8 

8 

8 

8 

rH  O O 

8 

8 

8 

8 

ON  O 

8 

8 

8 

8 

a 0 0 i 

8 

8 

8 

8 

O H 

8 

8 

8 

8 

6 6 6 

0 

8 

8 

8 

6 6 

8 

8 

8 

8 

rH  rH  0O  un  OJ  O O I 

t—  t—  eg  o on  o o 1 

O O O H H O O I 

6 6 6 6 6 6 6 1 


UN  UN  UN 
S-  tN-  S- 
00  CO  00 


0OCQ  I 

H CO  I 

CO  NO  I 

6 6 1 


CO  t—  0O  On  NO  NO  NO 
CO  NO  00  rH  -d-  -d-  ut 
t — NO  UN  UN  OO  OO  OO 

6666666 


PH 


un  O O 1 

t-  O O I 

00  o o 1 

O rH  rH  I 


OO  NO  I 

rH  I 

00  00  I 

6 6 1 


00  NO  UN  ON  C—  O O 

co  -3-  t'-co  no  o o 

S-00  CO  CO  NO  o o 
OOOOOHri 


& 


UN  O O 
CVJ  o o 

rH  o O 

6 6 6 


00  -3-  1 

00  UN  | 

rH  rH  * 

6 6 1 


CVI  -d"  UN  rH  CO  O O 
H UN  CVJ  rH  OO  O O 
CVJ  rH  H r-i  OO  O O 

6666666 


is  O O OO  rH  O rH  rH  I OoOCVIHHrH  I I OnOunCVIHCVJH  i 


fi  HOOHOOO 


0O  CVJ  CVJ  O rH  O I 


t— -d"  CVJ  rH  CVJ  O O I 


CVJ  0J  rH  I 


NO  0OCO  -O’  0O  1 

rH  H 


OONO  NO  ON  NO  0O  rH 
0O  CVJ  H 


H O H CVJ  CO-d-  UN  NO  t—  O rl  CVJ  UNNO  S-  O H OJ  onj-  UNNO  t— 


CO 

•H 

-P  CQ 
co  O 
G_ 
a>  b£ 
bO  CO 


-=t 

LT\. 


-3* 

VO 


CO 

<U 

< 


TABLE  7B.  LIFE  TABLE  FOR  BRAIN  INFARCTION  FOR  WOMEN:  FRAMINGHAM  HEART  STUDY,  16-YEAR  FOLLOW-UP 
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